There is a lack of multi-center cost-identification studies for hematopoietic cell transplantation (HCT). We used a single longitudinal administrative claims database representing a national, commercially insured population to evaluate the feasibility of identifying HCT recipients and to establish a cohort of autologous and allogeneic HCT recipients to study inpatient and outpatient direct medical costs from transplant hospitalization through first 100 days post-transplantation. Using ICD-9 procedure and diagnosis codes, we identified 3365 patients who had received their first transplant in the United States between 2007 and 2009 (autologous, 1678, allogeneic, 1320, graft source not specified, 367). The median 100-day total costs for autologous HCT were $99 899 (interquartile range (IQR), $73 914-140 555), and for allogeneic HCT were $203 026 (IQR, $141 742-316 426). The majority of costs (475%) occurred during the initial transplant hospitalization for both autologous and allogeneic HCT recipients. Costs were greater among pediatric (p20 years) compared with adult (420 years) recipients and this difference was more pronounced with allogeneic HCT. Using a claims database representing a national HCT population, we highlight the high costs associated with autologous and allogeneic HCT. Our study lays the foundation for using claims data for future research on economic aspects of HCT.
INTRODUCTION
Hematopoietic cell transplantation (HCT) is the preferred and potentially curative therapy for many patients with high-risk hematologic diseases. However, it is a highly specialized, resource intense and costly medical procedure. A recent report from the Agency for Healthcare Research and Quality highlighted that despite being a relatively uncommon procedure, HCT was among the top ten procedures with the highest increase in hospital costs from 2004 to 2007 in the United States; total national costs of HCT hospitalization increased from $694 million to $1.3 billion over this time period. 1 The costs of HCT in the US have been described previously in the literature. [2] [3] [4] [5] [6] [7] [8] [9] However, studies have been limited to single institution reports, have used different methodologies and time horizons to describe costs of transplantation, and have usually excluded costs of care outside the transplant center (for example, home care, outpatient pharmacy services, and hospitalization in another center). There also exists substantial practice variation in HCT. [10] [11] [12] Because of these limitations, the prevailing literature makes it difficult to compare costs of HCT among transplant centers and to estimate nationally representative costs for this procedure.
Administrative claims data are often used for studying economic aspects of disease and healthcare. [13] [14] [15] These data are available for large and well-defined populations, and depending on the database used, can provide detailed information on individual service utilization that can be aggregated by service type and episode. There are some limitations to using these data; they are not collected specifically for research, may not be generalizable and may be constrained by coverage and benefit restrictions. Most importantly, the perspective of costs, included in a claims database, has to be considered. Frequently, costs represent a payor perspective and include reimbursements made by insurers to individual hospitals and providers. The payments included can differ depending on the database used for analysis (for example, private claims vs government payors such as Medicare). Economic studies using administrative data in HCT are generally lacking. 16 We conducted an exploratory study using Thomson Reuters MarketScan, a single-longitudinal database of administrative private insurance claims of patients distributed broadly in the US, to establish a cohort of autologous and allogeneic HCT recipients. Using this cohort, we describe direct medical costs over the first 100 days post-transplantation.
METHODS

Data source
We used claims data from the Thomson Reuters MarketScan, commercial claims and encounters database to assemble a cohort of patients who had received an autologous or allogeneic HCT in the US. This database includes specific health services records for employees and their dependents in a selection of large employers, health plans and public and government organizations. The database captures the full continuum of care for insurance reimbursable services delivered across all settings including hospital stays, outpatient physician office visits, emergency department visits, home care services and outpatient prescription drug claims. Billing and encounter data are linked to detailed patient demographic and enrollment information across sites and types of providers over time and includes commercial health data from B100 payors. In 2007, this database contained health data for B23 million people in the US. In comparison to other sources for claims data (for example, Medicare that is mainly limited to patients older than 65 years and Medicaid that includes a relatively small proportion of HCT recipients), the MarketScan database has the advantage of representing a large cross-section of younger individuals with private health insurance. Patient data included in this analysis were de-identified and this study was considered exempt from approval by the Institutional Review Board of the University of Minnesota.
Patient selection Figure 1 shows the algorithm used to select patients for the study cohort. Patients were identified as HCT recipients, if they had at least one inpatient claim with an International Classification of Diseases Ninth Edition (ICD-9) procedure code for HCT (see Table 1 for codes) between January 2007 and December 2009. As we were interested in capturing costs over the first 100 days post-transplantation, we excluded patients whose 100 day period extended into the calendar year 2010 (that is, HCT between 09/22/2009 and 12/31/2009). We identified 139 patients with a claim for a second HCT hospitalization that occurred more than 100 days from the first procedure during the study period of 2007-2009; these second transplant hospitalizations were excluded. We also excluded patients with two or more hospitalizations associated with an ICD-9 procedure code for HCT (41 transplant procedure) within the 100-day period. We also excluded hospitalizations with claims of $0 and initial HCT hospitalizations longer than 100 days. Costs for the 27 HCT hospitalizations extending more than 100 days are reported separately in the results section. Our final cohort consisted of 3365 hospitalizations for HCT, and as we considered the first transplant hospitalization only, the same number of patients.
Primary and secondary diagnosis codes on the HCT hospitalization claim were used to define the reason why the HCT was done. If the primary diagnosis code was one of the codes listed in Table 1 , then that disease was defined as indication for HCT. If the primary diagnosis code was not one of the codes in Table 1 , then all secondary diagnosis codes on the claim were assessed for presence of one of these codes. If one of these codes was present in any of the secondary positions, then that disease was defined as indication for HCT. Otherwise, the indication for HCT was defined as 'other.'
Costs of transplantation
The primary outcome measure was total medical costs of HCT from the date of HCT hospitalization through 100-days post-transplantation; total costs included costs for initial HCT hospitalization, any subsequent hospitalization, and costs associated with outpatient visits and treatment. Cost estimates were based on paid amounts of adjudicated claims for inpatient and outpatient services, including insurance and health plan payments; however, patient co-payments and deductibles were not included. Also, costs did not include patient and caregiver non-medical costs (for example, transportation, lodging, lost income) that are not captured by the MarketScan claims database. Costs were not adjusted for inflation, given the short time frame considered in this analysis. The analysis presents costs from a payor perspective and reflects payments made by insurers.
Statistical analysis
We designed the study to be descriptive only and present unadjusted expenditures. Summary statistics are reported as count and proportion, or as median and range or interquartile range (IQR), as applicable. For selected diagnoses with an adequate sample size, we also present costs stratified by transplant type (autologous vs allogeneic), patient age and by selected diagnoses. Costs are described for the inpatient and outpatient phase of treatment. The w 2 test or analysis of variance was used to compare cohort subgroups, as appropriate. Table 2 describes the demographic characteristics of our study cohort. Among the 3365 patients included, 1678 had received an autologous transplant, 1320 had received an allogeneic transplant, and the graft source was not specified for 367 patients. Multiple myeloma/plasma cell disorders (47%) and lymphoma (36%) were the most common diagnoses among patients receiving an autologous HCT whereas acute leukemia (46%) was the most common diagnosis among allogeneic HCT recipients. Our cohort represented centers from all geographic regions of the country.
RESULTS
Patient demographics
We also compared the characteristics of patients identified through the MarketScan database with patients reported to the Center for International Blood and Marrow Transplant Research (CIBMTR) over the same time period (Supplemental Table 1 ). Overall, the demographic profile of patients from the two databases was similar. However, differences were noted in the recipient age distribution and diagnosis, and the geographic location of the transplant center.
Resource utilization and costs of autologous HCT Resource utilization and costs of autologous HCT are described in Table 3 . Autologous HCT recipients had a median of 1 hospitalization (range, 1-8; including transplant hospitalization), were hospitalized for a median of 19 days (IQR, 15-23 days) and required a median of 12 clinic visits (IQR, 8-19 visits) from the date of transplant hospitalization through the first 100 days after transplantation. The median total costs incurred over this time period were $99 899 (IQR, $73 914-140 555) and the majority of these costs (79%) occurred during the initial transplant hospitalization ( Figure 2 ). Autologous HCT in younger patients (p20 years) was associated with higher costs and more hospitalized days compared with their older counterparts (Table 4) . Among adult patients (420 years), the median total costs for an autologous HCT for lymphoma were $102 458 and for myeloma were $90 702 ( Table 5 ). The median total costs for autologous HCT for lymphoma in patients p20 years were $117 674. Figure 3a shows the relative distribution of 100-day costs for autologous HCT by age, demonstrating higher costs for p20-yearold recipients compared with patients 420 years of age. The total costs over the first 100 days for the majority of patients p20 years of age were between $100 001-200 000 (52%) compared with patients 420 years of age where the majority had total costs p$100 000 (53%). Six percent of p20-year-olds and 1% of patients 420 years had total costs of 4$500 000.
The MarketScan database does not contain information on patient survival. As a crude surrogate for 100-day mortality, we evaluated the rates of disenrollment with the assumption that it would be unlikely for patients receiving HCT to change their insurance plan within the first 100 days post-transplantation. Among autologous HCT recipients, 7.6% of patients, p20 years; 6.1%, 21-40 years; 5.9%, 41-60 years and 8.0%, 460 years of age disenrolled from their insurance plan. Their costs incurred were comparable to patients who maintained coverage for all 100 days; median total costs were $99 865 (IQR, $73 914-140, 412; N ¼ 1566) for patients enrolled for all 100 days and $100 840 (IQR, $73 459-147 400; N ¼ 112) for patients who were disenrolled before day 100 (P ¼ 0.51).
Resource utilization and costs of allogeneic HCT Allogeneic HCT recipients had a median of 1 hospitalization (range, 1-7), had a median of 31 hospitalized days (IQR, 23-45 days) and required a median of 22 clinic visits (IQR, 13-32 visits), during the study-time period (Table 3) . Their median total costs were $203 026 (IQR, $141 742-316 426). Like autologous HCT recipients, the majority of medical costs (75%) occurred during the initial transplant hospitalization (Figure 2) . Table 4 shows costs of allogeneic HCT by age at transplantation. Transplants were more expensive and associated with more hospitalized days in patients aged p20 years. Also, costs and resource utilization among allogeneic HCT recipients 460 years was no greater than that for adults who were p60 years of age. The median total costs of allogeneic HCT for acute leukemia and myelodysplastic syndromes among patients p20 years and 420 years were $302 822 and $191 142, respectively (Table 5 ).
Figure 3b also highlights that total costs for allogeneic HCT were greater among patients p20 years compared with patients 420 years of age. Total costs were 4$500 000 for 20% and 6% of p20 year and 420-year-old patients, respectively.
We also evaluated disenrollment rates for allogeneic HCT recipients to obtain a crude estimate of 100-day mortality. Proportions of patients disenrolled within 100-days by age were 5.9% among p20-year-olds, 13.0% among 21-40 year-olds, 12.9% among 41-60-year-olds and 13.4% for patients 460 years of age. The total costs for patients who disenrolled and those who remained enrolled for all 100 days were comparable. The median total costs for the former (N ¼ 156) were $197 843 (IQR, $137 901-348 477) compared with $203 769 (IQR, $142 304-308 564) for patients who maintained enrollment for all 100 days (N ¼ 1164) (P ¼ 0.14).
Costs for patients hospitalized for 4100 days The initial transplant hospitalization lasted for 4100 days in 27 patients (autologous HCT ¼ 3, allogeneic HCT ¼ 19, graft source not specified ¼ 5). Their median length of hospital stay was 112 days (range, 101-218 days) and the median total costs for their transplant hospitalization was $621 509 (IQR, $386 105-824 530).
DISCUSSION
Our study shows the feasibility of using a longitudinal administrative claims database representing a national, commercially insured population to identify HCT recipients and to study costs of transplantation. In comparison to previously reported single institution studies, our study draws on data representing a large number of transplant centers from throughout the country and highlights the high costs associated with autologous and allogeneic HCT over the first 100 days post-transplantation. Table 5 . Medical costs and resource utilization from date of transplant hospitalization to day 100 post-transplantation by age at transplantation for selected diagnoses
Cost category
Age at transplant p20 years 420 years
Within the first 100 days, hospitalization for the transplantation procedure was associated with the majority of total costs and the contribution of outpatient care, and any subsequent hospitalizations to total expenses was relatively small. This is consistent with previous cost-identification studies of autologous and allogeneic HCT. 2, 3, [5] [6] [7] As transplant centers, payors and policy makers consider ways to reduce costs of HCT, innovative methods for more economical delivery of care, during this early post-transplant period, would have the greatest impact.
We also show notable differences in costs through the first 100 days by age at transplantation in both autologous and allogeneic HCT recipients. In general, costs were greater among pediatric (p20 years) compared with adult (420 years) recipients and this difference was more pronounced with allogeneic HCT. Pediatric patients were also hospitalized for a longer time period compared with adults. For example, pediatric patients had 1.6 times higher median total costs and costs for outpatient care compared with adult recipients of allogeneic HCT for acute leukemia. The median total duration of hospitalization was 43 days versus 30 days, respectively. There is significant variation in transplant practices among physicians who take care of pediatric and adult HCT recipients. 11 Our findings suggest the need for more research into the higher costs of HCT in children. Pediatric physician and center practices that may contribute to differences in costs need to be investigated further to identify opportunities where care could be delivered in a more cost-efficient manner without compromising patient outcomes.
Another finding of note from our analysis is that transplantation for older patients (460 years) was not more expensive than that for adults p60 years of age. There exists a perception that older patients may be at higher risk of transplant-related complications, which in turn, may be associated with higher costs of transplantation. The relatively comparable costs for older and younger adults in our study may represent selection of healthier older patients for HCT and a greater proportion of older patients receiving reduced intensity transplants with their associated lower risk of complications within the first 100 days after HCT. Recent research has shown that adults X65 and o65 years have similar risks of overall and treatment related mortality after allogeneic HCT using reduced-intensity regimens. 17 Although this needs more research, our preliminary findings are reassuring that HCT in older patients is not necessarily more expensive.
Our study shows that a large claims dataset from a national commercially insured population can be used to address several questions related to costs of HCT. Additional questions related to HCT costs that can be addressed by this approach include costs related to HCT workup and graft acquisition, geographic variation in costs of HCT, costs associated with long-term care of HCT survivors, and cost comparisons between various transplant and non-transplant treatments. However, some limitations of claims datasets need to be kept in mind. The costs represented in these data reflect costs from an insurer's perspective and reflect the paid amounts of adjudicated claims to individual hospitals and providers. Claims data are not collected for research purposes and represent the coverage benefits of enrollees who receive a transplant. Cost estimates may not be generalizable. Costs reported are specific to the payors included in the database and reimbursement for transplantation through other payors (for example, Medicare) may be different. Furthermore, some regions of the country and types of transplant centers may be differentially represented in a claims database. It is also difficult to describe costs by some important variables that can drive resource utilization and costs in HCT recipients (for example, conditioning regimen intensity).
Notwithstanding these limitations, our study describes costs of HCT from a national claims database using a cohort of patients who received their transplants at multiple centers in the US and highlights the feasibility of using these data to study economic aspects of HCT. Our study provides a benchmark for costs for transplantation in the US and lays the foundation for further comprehensive research in this area. Figure 3 . Distribution of total costs in the first 100 days after transplantation by age for recipients of (a) autologous HCT and (b) allogeneic HCT. Each stacked column represents proportion of patients with total costs within the specified range.
